This issue of Clinical Chemistry contains a report describing interlaboratory comparison of a prostate cancer test based on profiling of serum proteins by mass spectrometry (1 ) . This report is relevant to the recent controversy regarding the diagnostic potential and reliability of this approach to the diagnosis of cancer or other diseases (2) (3) (4) (5) (6) (7) (8) . This controversy has raised questions regarding whether mass spectrometric profiling of proteins can achieve standards of reproducibility and performance that are expected of clinical tests. Semmes et al. (1 ) examine whether different laboratories can achieve equivalent results on split specimens. These efforts are commendable starts to issues of standardization, calibration, and quality control (QC), all important elements in the transition of this technology from the discovery phase to clinical application. However, their report also exemplifies how initial efforts to apply this technology have not yet met the desired standards of clinical laboratory practice.
Although proteomic profiling has provided breakthroughs in the discovery of new disease markers, initial discovery methods generally have been poorly suited for clinical applications. Marker discovery methods typically have not incorporated principles applied to existing clinical laboratory applications of profiling methods, such as serum protein electrophoresis, amino acid analyses, or tandem mass spectrometric screening for inborn errors. Some lessons from clinical experience include the importance of (a) use of internal standards for mass spectrometry, (b) identifying measured components, (c) developing standards for calibration and QC, (d) identifying peaksets in spectra, and (e) applying established standards for method evaluation (9 ), e.g., measures of reproducibility, detection limits, linearity, and recovery; evaluation of calibration curves, potential interferences, reference intervals, and peak characteristics; and separations for profiling methods.
Proteomic profiling has been presented as a "new paradigm for diagnosis", and spectra are often described as "signatures", "proteomic features", or "fingerprints". This nomenclature reflects the fact that the components being measured and their quantitative relationships are not known. Although this paradigm may speed marker discovery, it prohibits the rigorous validation, standardization, and quality assurance demanded for clinical assays. Proteomic profiling will progress toward clinical practice as laboratories start analyzing quantifiable peaks representing known components rather than signatures and fingerprints. Laboratories actually do not analyze complete profiles for diagnostic applications, but only a panel of ϳ3-10 peaks selected from the total profile, and this represents an analysis of modest complexity. There is no fundamental reason that current laboratory standards cannot be applied to mass spectrometric profiling. Some recommendations on how to achieve this are listed in Table 1 .
There is a need to evaluate preanalytical issues more extensively. Studies should address patient preparation (such as fasting vs nonfasting or diurnal variation). Optimal materials and methods for sample collection and processing should be determined. Even selection of appropriate collection tubes may be important, as collection tubes can shed a variety of polymeric components detected in mass spectra (10 ) . A reasonable goal is for collection procedures to minimize variability of results. Evaluation of specimen stability and criteria for specimen rejection are needed.
For the analytical process, both chromatographic steps and mass spectrometry need to be controlled. As noted by Semmes et al. (1 ) , calibration of resolution, detection sensitivity, and mass accuracy are essential. Process control by automation of sample preparation is desirable. Clinical mass spectrometric assays generally use internal standards to correct for variable ionization and suppression (11) (12) (13) . Internal standards might be either known added components or internal constituents assayed by independent methods such as immunoassay.
There are several reasons to determine sequence identities of peaks selected as diagnostic markers, and progress is being achieved in these efforts. Identification of peaks provides information about their potential origin and physiology. It identifies peaks representing different charge states, ion complexes, or molecular forms of the same component. Identifying components advances the development of reference materials for calibration, recovery experiments, and quality assurance.
Method evaluations should include standard measures expected of any clinical method (8 ) , such as precision, detection limits, linearity, recovery, reference intervals, and potential interferences. Ideally, these evaluations require purified components for addition experiments. However, even if purified components are not available, studies such as detection limits and linearity evaluations still can be performed by mixing specimens with high and low concentrations.
Identifying materials and approaches for QC are important elements of clinical method development. Semmes et al.
(1 ) addressed this issue, albeit with some shortcomings. QC programs should include at least two concentrations of QC material representing high and low specimens, and separate materials should be used for calibration and QC. Between-instrument and betweenlaboratory comparisons are important elements of reproducibility. Reference intervals might be determined for the peak ratios between specific components or vs an internal standard. Consideration should be given to potential interferences from sources such as hemolysis. Evaluation of lipemia might compare pre-vs postprandial specimens from the same individual. Postanalytical components, the processing of data from mass spectrometric protein profiling, have generated considerable controversy (2) (3) (4) (5) (6) (7) (8) . An interesting finding of Semmes et al. (1 ) was that diagnostic algorithms began to fail if analytical resolution or mass calibration deteriorated. This suggests a need to perform a sensitivity analysis for precision characteristics such as mass accuracy and peak ratio reproducibility to identify necessary performance characteristics. Care should be taken in diagnostic application of peaks with mass/charge Ͻ1200. In this region, there are high background signals from matrix. Candidate peaks for diagnostic applications ideally should have high signal intensities and reproducibility, and selected peaks should be divided equally among peaks that increase and decrease with disease to minimize effects of variation in absolute signal intensities. Semmes et al.
(1 ) describe the better reproducibility achieved with measurement of high intensity vs weak peaks, as expected for any profiling method. Some of the challenges for any profiling method are, from the analytical perspective, to optimize peak intensities and resolution and, from the postanalytical perspective, to process data for optimal peak measurements.
Developing a valid diagnostic method depends on reliable classification of specimens that serve as training and evaluation sets for diagnostic algorithms. Adequate training of neural networks generally has been considered to require training sets with a sample size at least 5-10 times the number of data components analyzed (14 ) . This places practical limits on the number of peaks or individual data points that can be analyzed for diagnosis. Training and evaluation specimens need to be representative of the population that will be tested; use of optimal or highly selected specimens is not likely to yield a realistic evaluation of diagnostic performance. Selection of optimal specimens, as in the study by Semmes et al. (1 ) , prevents interpretation of how well their results reflect performance on unselected specimens, and this is identified as a future component of their studies.
Once a method has been established, the diagnostic algorithm must remain constant. Neural networks have the capacity for ongoing training, theoretically with continuous improvement. However, there are hazards of adding misclassified specimens to the database and of deteriorating performance with extended training on a fixed dataset (15 ) . In addition, it would be difficult to QC an evolving algorithm. Any diagnostic algorithm should provide a quantitative value such as a probability score rather than a simple positive or negative value. Separate QC should be performed on the algorithm with use of fixed datasets to verify stable performance every day of use. Quantitative values allow assessment of best cutoff values by use of traditional tools such as ROC curves. Different cutoffs may be appropriate for different populations or for screening vs diagnostic applications.
Discoveries of potential new markers for cancer and other diseases by mass spectrometric protein profiling justifiably have created great excitement (2) (3) (4) (5) . There also has been some disappointment and impatience that discovery methods have not been applied immediately to clinical diagnosis (8 ) . This probably reflects a lack of appreciation of the many steps, such as evaluation of interlaboratory performance as in the study by Semmes et al. (1 ) , from method discovery to clinical practice. As for any new clinical laboratory method, there is a need to • Analyze each spectrum to identify peaks before applying diagnostic algorithms • Develop criteria for the acceptability of each spectrum based on peak characteristics • Use peaks rather than raw data as the basis for diagnostic analysis • Use caution in interpretation of peaks with m/z Ͻ1200 • Select peaks with high intensities and sample stability for diagnosis • Select approximately equal numbers of peaks that increase and decrease in intensity as diagnostic discriminators • In developing a training set for diagnosis, careful clinical classification of patients is essential • Clinical validity depends on having a typical rather than highly selected population of patients • The number of training specimens should be at least 10 times the number of measured values • Any clinical application should use a fixed training set and algorithm for analysis • Any analysis should provide a numerical value • Diagnostic performance should be evaluated with ROC curves to select cutoffs • A sensitivity analysis should be performed of the necessary precision for accurate diagnostic performance • There should be QC procedures for daily verification of software performance develop and achieve standards of practice for mass spectrometric protein profiling that assure achievement of the quality of results that patients deserve.
